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Abstract: 
Age-appropriate modifications of the A-not-B task were used to examine 2-year-olds’ search behavior. Several 
theories predict that A-not-B errors will in-crease as a function of number of A trials. However, the hierarchical 
competing systems model (Marcovitch & Zelazo, 1999) predicts that although the ratio of perseverative to 
nonperseverative errors will increase, the likelihood of perseveration will be an inverted U-shaped function. In 
Experiment 1, children received 1, 6, or 11 A trials in a multistep multilocation search task. In Experiment 2, 
children received 3, 7, 11, or 15 A trials in a sandbox task. Results from Experiment 1 showed that the ratio of 
perseverative to nonperseverative errors increased with number of A trials, and results from both Experiments 1 
and 2 indicated that the likelihood of perseverative errors was highest following a moderate number of A trials. 
These findings are consistent with the suggestion that search behavior provides an index of the development of 
conscious control. 
 
Article: 
As children develop, they are increasingly able to represent multiple aspects of a  problem, plan a future course 
of action, keep that plan in mind and act on it, and detect and use information about errors. This growing ability 
to engage in deliberate, goal-directed thought and action is often studied under the rubric of executive function, 
and it is now clear that executive function emerges early in development, probably around the end of the first 
year of life, and develops across a wide range of ages (for review, see Zelazo & Müller, 2002). However, 
executive function is a functional construct, and as such, it is defined solely in terms of its behavioral outcome. 
The actual mechanisms that make executive function possible are likely varied, and they remain a matter of 
considerable debate. This study was designed to examine these mechanisms in the context of children’s search 
for hidden objects. 
 
Executive function is often most conspicuous in its absence. Because measures of executive function typically 
involve conflict among different possible responses, one of which is correct and one of which is prepotent, 
failures of executive function at all ages are often manifested as perseveration, which has been de-fined as the 
repeated production of an action or thought in the absence of an appropriate stimulus (e.g., Hauser, 1999; 
Sandson & Albert, 1984, 1987; Werner, 1946). However, the specific situations in which perseveration occurs 
and, ultimately, the specific psychological processes that are likely to be involved vary as a function of age. 
 
One widely used measure of perseveration in infants is Piaget’s (1954) A-not-B search task. The A-not-B task 
has been employed successfully as an assessment of cognitive abilities toward the end of the first year of life. In 
a typical A-not-B task, an object is hidden conspicuously at one location (A) for a number of trials before it is 
then hidden in the same manner at a second location (B). The majority of 8- to 12-month-old infants search 
perseveratively at the A location on B trials, committing what is termed the A-not-B error (for reviews see 
Marcovitch & Zelazo, 1999; Thelen, Schöner, Scheier, & Smith, 2001; Wellman, Cross, & Bartsch, 1986). 
 
Based on their meta-analysis of the A-not-B error, Marcovitch and Zelazo (1999) proposed that two 
hierarchically organized dissociable systems influence search behavior: a response-based system that 
corresponds to motor memory and learns incrementally according to associative principles, and a conscious 
representational system that potentially has the ability to control the response-based system. The conscious 
representational system is capable of reflecting on (or reprocessing) its own representations, allowing for the 
integration of information about the structure of the task and about the organism’s own behavior vis-à-vis that 
structure. A simple schematic of the hierarchical competing systems model is displayed in Figure 1. As can be 
seen in Figure 1a, a stimulus elicits activity in both the response-based and the representational systems. In the 
absence of conscious reflection, behavior is determined jointly by the two systems but primarily by the 
response-based system. Figure 1b illustrates the effects of conscious control. Here, the infant is able to reflect 
on the contents of the representational system, as indicated by the reciprocal arrow. When reflection occurs, the 
influence of the representational system on the response is potentiated and conscious control can override the 
influence of previous behavior. 
 
 
The hierarchical competing systems model has been quantified to account for behavior in a specific task at a 
specific age—namely, the standard A-not-B task at 9 months of age (see Marcovitch & Zelazo, 1999). 
According to this quantification, the likelihood of search at any particular location can be calculated as the sum 
of a normal distribution (reflecting the influence of the representational system) and an exponential distribution 
(reflecting the influence of the response-based system). This quantification generates a set of novel predictions 
regarding infant search. It predicts that as the number of A trials increases, infants on B trials will be more 
likely to search at A and less likely to search at other incorrect locations (i.e., at locations between A and B; see 
Marcovitch & Zelazo, 1999, for discussion). This prediction follows from the fact that as the number of A trials 
increases, habit strength (a parameter in the exponential distribution) increases toward an asymptote at which 
the likelihood of searching at location A versus other incorrect locations is maximal. This prediction also makes 
sense intuitively, because repeated reaching to the A location should strengthen the tendency to search at A but 
not at other incorrect locations. However, this prediction has never been tested directly. 
 
In addition, the hierarchical competing systems model predicts a non-monotonic, inverted-U-shaped relation 
between the number of A trials and performance on B trials (see Marcovitch, Zelazo, & Schmuckler, 2002, for 
discussion). According to the hierarchical competing systems model, the contribution of the response-based 
system to eventual search increases incrementally with the amount of experience at the A location, but this 
contribution reaches an asymptote, consistent with basic learning theory (e.g., Hull, Felsinger, Gladstone, & 
Yamaguchi, 1947; Rescorla & Wagner, 1972; Thorndike, 1921). However, as infants obtain experience with the 
task, they are also increasingly likely to reflect on the experimental context, including the task constraints and 
affordances (e.g., the fact that objects can be hidden in any location). The likelihood of reflection on the 
experimental context corresponds to the cumulative probability that reflection will occur on any given trial, and 
it may be influenced by the availability of additional memory resources as the task becomes automatized (cf. 
Grant & Berg, 1948; Hasher & Zacks, 1979; Logan, 1988). Taking into account the combined contributions of 
both the representational and the response-based systems, incorrect search on B trials would be most likely to 
occur following a moderate number of A trials because at this point the response-based system has reached a 
level of maximum influence, but the representational system has not. In contrast, search tends to be more 
accurate after either fewer or more A trials. This surprising prediction has recently been confirmed with 9-
month-old infants. Using a standard version of the A-not-B task, Marcovitch et al. (2002) reported that 9-
month-old infants were more likely to commit the A-not-B error after six A trials than after one or eleven A 
trials. 
 
Compared to 8- to 12-month old infants, 2-year-old children display an impressive range of cognitive and 
linguistic skills—leading Piaget (1936/1952, 1954) to propose that it is around 2 years of age that children first 
acquire the ability to generate mental representations of reality. For example, unlike younger children, 2-year-
olds succeed in invisible displacement tasks (Call, 2001), display mirror self-recognition and other signs of self-
awareness (e.g., Amsterdam, 1972; Kagan, 198 1; Lewis & Brooks-Gunn, 1979), imitate the action an actor 
intended instead of the action performed (Meltzoff, 1995), and show the beginnings of pretend play (Leslie, 
1987). In addition, most children experience a ―naming explosion‖ between about 1.5 and 2 years of age 
(Reznick & Goldfield, 1992), which provides them with a relatively large corpus of words that potentially can 
be used to mediate their cognitive skills. Indeed, in light of these acquisitions, Zelazo (2004; Zelazo & Zelazo, 
1998) has argued that there are considerable changes between infancy and 2 years of age in the function of the 
conscious representational system. 
 
Despite their cognitive and linguistic advances, however, 2-year-old children are still prone to perseverative 
errors in simple but age-appropriate A-not-B tasks (e.g., Schutte & Spencer, 2002; Sophian & Wellman, 1983; 
Spencer, Smith, & Thelen, 2001; Zelazo, Reznick, & Spinazzola, 1998), and some researchers have suggested 
that the fundamental processes responsible for the A-not-B error in in-fancy are present across the lifespan (e.g., 
Marcovitch & Zelazo, 1999; Thelen et al., 2001). The hierarchical competing systems model, for example, 
postulates that the response-based system is already well developed by late infancy, and then re-mains 
developmentally invariant. In contrast, the conscious representational sys-tem develops considerably over the 
course of childhood (Zelazo, 2004). Given that 2-year-old children perseverate in age-appropriate A-not-B 
tasks, the hierarchical competing systems model predicts that at this age and in these tasks, there will be (a) an 
increase in the ratio of perseverative to non-perseverate errors during B trials as a function of number of A 
trials, and (b) an inverted-U-shaped relation between the number of A trials and the likelihood of perseveration 
on B trials, such that a moderate number of A trials is most likely to elicit errors. 
 
Experiment 1 was designed to assess the effect of A trial experience on the multistep multilocation search task, 
which has been found to elicit perseverative errors in 2-year-old children (Zelazo et al., 1998). Similar to the 
standard A-not-B task used with infants, the multistep multilocation search task consists of discrete locations 
(i.e., a heterogeneous search space). Therefore, search must occur at one of the designated locations, and cannot 
occur between two locations; performance on this task is scored categorically (e.g., the proportion of children 
who searched perseveratively on the first B trial). 
 
In Experiment 2, however, the role of A-trial experience was assessed in a different context, namely a sandbox. 
In the sandbox paradigm (Spencer et al., 2001), children search for objects hidden in sand, which is a 
homogeneous search space. Spencer et al. emphasized that the homogeneity of the sand allows researchers to 
measure graded responses such as the distance between the search location and the actual hiding location. This 
measure may reflect the degree of perseveration on a given trial, which may in turn reveal the strength of 
children’s prepotent response tendencies. 
 
A homogeneous search space may elicit different patterns of performance than a heterogeneous space. For 
example, Spencer et al. (200 1) noted that in the typical A-not-B task, infants commit more errors when the lids 
that cover the hiding wells are the same color, minimizing perceptual cues. In the sandbox task, the lack of 
perceptual cues is taken even further; the potential hiding locations are perceptually indistinguishable from each 
other and the rest of the search space. Indeed, successful search is dependent on place-learning cues such as the 
object’s location relative to the sides of the sandbox or landmarks in the room, both of which are external to the 
search space (cf. Hermer & Spelke, 1994, 1996; Newcombe, Huttenlocher, Drummey, & Wiley, 1998). 
 
In research using the sandbox paradigm, Spencer et al. (2001) found that on B trials, 18- to 31-month-old 
children typically initiated contact with the sand between the A and B locations (partially perseverative) as 
opposed to exactly at the A location (strictly perseverative), exactly at the B location (strictly correct), or at any 
other location (incorrect but nonperseverative). Although children demonstrated an overall search bias toward 
the midline, Spencer et al. reported that perseverative search occurred whether the A and B locations were on 
different sides of the midline or on the same side of the midline. 
 
In Experiment 2, 2-year-old children received different numbers of A trials on the sandbox task. Because the 
dependent variables were quantitative, they were suitable for linear and quadratic regression analyses, and the 
presence of linear and quadratic trends could be assessed. The results from the sandbox task may offer an 
interesting comparison to the results from the multistep multilocation search task, given that search patterns in a 
homogeneous search space may differ from those in a heterogeneous one and given that the two tasks have 
different response requirements (see the following). 
 
EXPERIMENT 1 
Experiment 1 examined the effects of A trial experience on 2-year-olds’ performance on a five-location 
multistep multilocation search task (Zelazo et al., 1998). In this task, candy is conspicuously hidden at one 
location (the A location) and then conspicuously hidden at another location (B). Children are required to exe-
cute a four-step retrieval process to find the hidden candy: (a) remove a foam barrier, (b) pull a tray, (c) choose 
a stimulus, and (d) pull the stimulus to reveal the candy. 
 
Children received 1, 6, or 11 A trials. Most competing systems accounts of perseveration (e.g., Munakata, 1998; 
Thelen et al., 2001) postulate a positive relation between the number of A trials and the likelihood of 
perseveration on B trials. In contrast, the hierarchical competing systems model predicts a nonmonotonic trend, 
with poorest performance arising after a moderate number of A trials. This model also predicts that as the 
number of A trials increases, there will be an in-crease in the ratio of perseverative to nonperseverative errors 
(i.e., errors at locations other than the A location). 
 
Method 
Design and overview. Children were assigned randomly to receive 1, 6, or 11 A trials. In each condition, half of 
the children received A trials to the left of midline (Location 1 or 2) and B trials to the right of midline 
(Location 4 or 5). For the remaining children, this contingency was reversed. Within each condition, children 
were equally likely to receive any of the eight possible A–B pairings (1–4, 1–5, 2–4, 2–5, 4–1, 4–2, 5–1, 5–2). 
The middle location (Location 3) was used for training only. 
 
For approximately half of the children in each condition, the hiding locations were demarcated by cards 
depicting familiar objects (e.g., truck, duck, hat). The remaining children were presented with cards with 
abstract line drawings. This manipulation, which was included as part of a separate line of research, was 
intended to be a preliminary assessment of whether familiarity with the stimuli affected performance at this age. 
However, because there was no effect of stimulus familiarity, and this variable did not interact with number of 
A trials, it will not be considered further in this article. 
 
Participants. Seventy-one 2-year-old children (M = 26.4 months; range = 24.2–28.5 months) participated in this 
experiment and received 1 (n = 24), 6 (n = 24), or 11 (n = 23) A trials. Children were recruited from a database 
containing names of parents who had expressed interest in participating in research. Demographic information 
was not recorded systematically. 
 
Data from an additional 32 children (31%) were excluded from the analyses because of failure to finish the 
training phase (n = 1) or failure to reach the A trial criterion (n = 3 1).1 Chi-square analyses did not reveal a 
relation between the probability of exclusion and the assigned number of A trials, X2 (2, N = 103) = 2.43, ns. 
 
Materials. The hiding apparatus was a 55 cm × 60 cm × 30 cm wooden box (see Figure 2). There was a side 
door through which the experimenter hid a candy. An opaque door at the front of the box could be removed to 
reveal the contents of the box; when in place (resting 3 cm above the base of the box), it concealed them. To 
prevent children from reaching for the candy during the hiding phase, a trans-parent Plexiglas window (which 
could be lowered completely) was used. A sliding tray on the base of the box could be extended as far as 20 cm 
from the door. Velcro swatches, on which cardboard symbols could be placed, were affixed to the tray. The 
swatches were placed 10 cm apart from each other. Each symbol was about 4 cm2 and was connected to a 
transparent plastic bag by a 45-cm string. The bags were used to contain the candies and were kept at the back 
of the box. A 50 cm × 10 cm × 7 cm foam barrier was placed in front of the tray during hiding. In addition, 
several small toys were available for hiding if the parent was uncomfortable with the children searching for 
candy. 
 
Procedure. The child entered the test room and was seated at a small table on which the apparatus was already 
in place. The experimenter sat to the left of the child; a trained assistant sat across from the experimenter (on the 
child’s right) and lowered and raised the Plexiglas window and the opaque door at the appropriate times. The 
parent sat behind the child so as to observe the experiment yet not distract the child. If a child was 
uncooperative or refused to stay in the seat, then the parent was allowed to sit at the table with the child on his 
or her lap. All parents were instructed not to reveal any information about the correct location or to label any of 
the symbols at any point. 
 
 
A training phase was required to familiarize the child with the apparatus and the task. The child was taught each 
of the following steps in succession: (a) pull the symbol (i.e., a yellow circle, which was used only in the 
training phase) to obtain the candy, (b) pull the tray (revealing the yellow circle symbol at the middle position 
and its accompanying string), and (c) remove the foam barrier (revealing the tray). After modeling each step, 
the experimenter asked the child, ―Can you find the candy?‖ For the successful execution of each step, the child 
had to perform all previously learned steps (i.e., to find the candy, a child had to remove the foam barrier, pull 
the tray, and then pull the symbol). The child was given the candy on successful execution. The training phase 
was considered complete only if the child was able to execute the entire retrieval sequence without assistance. 
 
After training, the Plexiglas window was lowered and five distinct symbols were placed on the Velcro swatches. 
For all trials (A and B), the transparent Plexiglas window was lowered, and the candy was placed conspicuously 
at the proper location. The experimenter held up the bag containing the candy, pointed to the appropriate 
symbol, and said, ―Here’s the candy. Right over here. This is what you pull to get the candy. Okay, let’s go get 
the candy.‖ At no time did the experimenter label the symbols. The Plexiglas was removed, the opaque screen 
was lowered, and the foam barrier was placed in front of the apparatus. The child was then encouraged to look 
for the candy immediately and had to remove the barrier, pull the tray, and then pull the appropriate symbol 
attached to a string. Note that no systematic delay was imposed; rather the delay depended on how long it took 
the child to perform the multistep procedure. The trial was considered complete when the string was pulled so 
that the bag became visible. Children who chose correctly were given the candy. If the child chose incorrectly 
or did not respond for 30 sec, the experimenter pushed in the tray, lowered the Plexiglas window, showed the 
child the location of the candy, and then repeated the trial. For A trials, the testing continued until the child 
searched correctly the prescribed number of times. B trials were administered only if the child completed all the 
A trials and were repeated until the child found the reward three times.
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Results 
The mean number (and SD) of A trial errors was 1.4 (2.2) for the 1 A trial condition, 1.8 (2.0) for the 6 A trial 
condition, and 2.2 (3.0) for the 11 A trial condition. The number of A trial errors did not differ by condition, 
F(2, 68) = 0.73, ns. 
 
The primary variable of interest was performance on the first B trial. Across all conditions, the majority of 
errors (69%) were perseverative (i.e., at the A location) as opposed to nonperseverative (i.e., search at one of the 
other three incorrect locations). Analyses were conducted to address two questions. First, did the number of A 
trials affect the ratio of children making perseverative errors to those making nonperseverative errors? A chi-
square analysis revealed that the proportion of children making perseverative errors (out of all children making 
errors) increased with the number of A trials (1 A trial: 44%; 6 A trials: 79%; 11 A trials: 90%), X
2
(2, N = 45) = 
7.69, p < .05, Φc = 0.41. See Table 1 for a breakdown of how children searched on the first B trial. 
 
Second, was the effect of number of A trials on the probability of perseveration U-shaped? Quadratic logistic 
regression was conducted on the likelihood of committing a perseverative error on the first B trial with number 
of A trials as the quantitative independent variable (see Figure 3). The best-fitting logit function was Y = logit 
(–.51 –.21X + 0.79X
2
). The second-order coefficient differed significantly from 0, Wald = 5.05, p < .05, which 
is indicative of a U-shaped function. In contrast, the first-order coefficient did not differ from 0, Wald = 0.68, 
ns, which con-firms the absence of a monotonic relation. 
 
It is possible that the U-shaped pattern was an artifact of grouping non-perseverative errors with correct 
responding. To control for differences in the likelihood of making nonperseverative errors, an additional 
regression analysis was conducted after omitting those children in all conditions who made nonperseverative 
errors (N = 14). The results did not change: The best-fitting logit function was Y = logit (–1.10 +.06X + 
0.91X
2
). The second-order coefficient differed significantly from 0, Wald = 4.78, p < .05, whereas the first-
order coefficient did not, Wald = 0.05, ns. 
 
Discussion 
The number of A trials influenced 2-year-olds’ search behavior on the multistep multilocation search task. 
Specifically, the ratio of children making perseverative errors to children making nonperseverative errors 
increased monotonically with increases in the number of A trials. In addition, more children made perseverative 
errors after six A trials than after one or eleven A trials. This nonmonotonic, U-shaped relation between the 
number of A trials and B trial performance was not an artifact of differences in the likelihood of making 
nonperseverative errors (e.g., due to fatigue); the same results were obtained after omitting children who made 
nonperseverative errors (and indeed, only one child [4%] in the eleven A trial condition committed a 
nonperseverative error). 
 
Whereas several accounts of perseverative search (e.g., Munakata, 1998; Thelen et al., 2001) might predict that 
the ratio of perseverative to nonperseverative errors will increase with number of A trials, only the hierarchical 
competing systems model predicts a nonmonotonic relation between the number of A trials and the likelihood 
of perseveration. According to this model, increases in number of A trials not only produce increases in habit 
strength, but also provide opportunities for reflecting on the task structure. 
 
One noteworthy limitation to this design with the multistep multilocation search task might obscure the true 
nature of the relation between the number of A trials and performance: The fact that the dependent variable is 
discrete (i.e., search is either correct or incorrect) precludes quantification of the degree of perseveration on any 
given trial. The possibility remains that true differences in performance might only be revealed using a task that 
yields a more sensitive mea-sure of perseveration. 
 
EXPERIMENT 2 
Experiment 2 was designed to assess the potential nonmonotonic relation between the number of A trials and B 
trial search performance on the sandbox task, which has previously been employed to provide quantitative 
measures of perseveration in 2-year-old children (Spencer et al., 2001). Because the sandbox consists of a 
homogeneous testing space, there are no discrete locations at which to search. Perhaps for this reason, Spencer 
et al. found that children often searched near, but not at, the correct location. Specifically, on B trials, children 
tended to search away from the B location and toward the A location. The distance from where the search 
commenced (i.e., from where the child’s hand initially touched the sand) to the actual location of the target was 
used as a quantitative measure of perseveration. More precisely, the closer that B trial search was to the A 
location, the greater the degree of perseverative behavior. 
 
Spencer et al. (2001, Experiment 4) varied the number of A trials and concluded that more A trials produced 
stronger attractors to the A location. However, there are a number of reasons this finding should be tested for 
replication and extended. First, children either received one or three A trials, whereas most previous research 
has only found strong effects of number of A trials with a wider range of A trials (see Marcovitch & Zelazo, 
1999; Marcovitch et al., 2002). In Experiment 2 in this article, children received 3, 7, 11, or 15 A trials to assess 
the effects of A trials over a wider range. 
 
Second, the children tested by Spencer et al. (2001) received their training trials at the A location. This 
procedure biases children toward the A location before the first A trial is administered (see Smith, Thelen, 
Titzer, & McLin, 1999). In the experiment discussed here, children received their training trials at the midline 
of the sandbox, which was never used as an A or B location and never situated between A and B. The method of 
using the middle location exclusively for training is consistent with the training procedures used in Experiment 
1. 
 
Third, Spencer et al. (2001) used no delay between hiding and searching in the A trials, but used a 10-sec delay 
on the B trials. It is possible that the sudden introduction of a delay (after receiving A trials without a delay) 
may have alerted children to a change in procedure. In this experiment, the more traditional approach of 
administering A and B trials in an identical manner was taken. 
 
Finally, Spencer et al. (2001) did not measure response time. Unlike in traditional A-not-B paradigms, in the 
sandbox task the object is always retrieved by the participant. Even if search is perseverative in nature (i.e., 
away from the B location and toward the A location), children are permitted to search until the object is found. 
Thus, the time it takes to find the object should reflect perseverative tendencies and in certain situations may 
even be a more sensitive measure than distance based on where the search commenced. If children are 
continuously (and perhaps recurrently) attracted to the A location, it should take longer to find the object than if 
they are not. One advantage of using response time is that it provides a measure of performance even for those 
children who inadvertently touch the sand or use search strategies that involve purposely touching the sand at an 
inappropriate area (e.g., starting at one side and scooping the object or using both hands and converging on the 
object). Obviously, in these cases, the location where the child’s hand initially touches the sand yields an 
inaccurate index of the level of perseverative activity, and response time may provide a better measure. Thus, in 
this experiment, response time was measured and used as a dependent variable along with the standard measure 
of distance. 
 
Method 
Design and overview. Children were assigned randomly to one of four conditions: 3, 7, 11, or 15 A trials. 
Within each condition, there were four possible A locations and two possible B locations. Both the A and B 
locations were on the same side of midline (i.e., they were both to the child’s left or both to the child’s right). 
Spencer et al. (2001) employed this procedure to reduce the effect of children’s natural tendency to search at 
midline (Newcombe et al., 1998). If the midline is defined as 0, then the possible A locations to the left of 
midline were –5 (i.e., 5 cm to the left) and –45. The B location for these two A locations was –25. Likewise, the 
A locations to the right of midline were +5 and +45. The B location for these two A locations was +25. For each 
child, objects were first hidden at one of the A locations (on each of the designated number of A trials) and then 
hidden at the corresponding B location. The A location was counterbalanced perfectly across children in each 
condition (i.e., one fourth of the children received A trials at -45, one fourth at –5, one fourth at +5, and one 
fourth at +45). 
 
Participants. Sixty-four 2-year-old children (M = 25.6 months; range = 24.0–27.9) participated in this 
experiment. Children were recruited in the same manner as the participants in Experiment 1. None of the 
children in Experiment 2 participated in Experiment 1. 
 
An additional 14 children (18%) were tested, but their results were not included in the analyses. Ten children, 
distributed evenly across all four conditions, were eliminated because they refused to complete all of the A trials 
and at least one B trial. In addition, three children, all in the 3 A trial condition, were replaced due to equipment 
malfunction, and one child in the 15 A trial condition was replaced due to parental interference. 
 
Materials. The sandbox apparatus was 150 cm × 30 cm × 45 cm (see Figure 4). It was constructed from 
plywood approximately 1.25 cm thick and painted green. The sandbox had a false bottom that consisted of a 
platform 30 cm from the ground. Thus, the receptacle for the sand was 15 cm deep. The sandbox was filled with 
sterile, nontoxic play sand. The distance between the top of the sandbox and the sand was 2.5 cm. Strips of 
measuring tape were affixed to the walls of the sandbox facing the scorer and a video camera (i.e., these strips 
were hidden from the child’s view). Two purple footprints were situated in front of the sandbox in the middle 
for the child to stand on during the experiment. A rectangular block of wood 25 cm × 6 cm was used to smooth 
over the sand before the child was permit-ted to search. Also, a skunk puppet was used to divert the child’s 
attention away from the sandbox during the delay. 
 
The majority of children searched for candies that were placed in semi-transparent film canisters. However, if 
either the parents or the children were not comfortable searching for candies, a variety of small toys was 
available to be used. 
 
 
Procedure. The procedure was similar to that used by Spencer et al. (2001). The parent, child, and experimenter 
touched and played with the sand until the child was comfortable with the sandbox. The parent sat on a chair 
located behind the child, and the experiment began. 
 
Prior to the A trials there were 3 training trials at the midline location. The child was positioned on the 
footprints and the parent hugged the child while the experimenter placed the container in the appropriate place. 
On the first training trial, the experimenter placed the container on top of the sand, and the child was allowed to 
retrieve it immediately. On the second training trial, the experimenter buried the container so that only the lid 
was visible. Again, the child was allowed to retrieve it with no delay. On the final training trial, the container 
was completely covered by sand, but the sand was not smoothed over (i.e., there were indentations in the sand 
that could cue the child to the location of the canister). Immediately thereafter, the child was allowed to search 
for the container. On all training trials, when the child searched successfully, the parent opened the container 
and gave the candy to the child. If on any of the training trials the child was unable to retrieve the container, 
then the experimenter helped the child by pointing to the area where the container was hidden. On these trials, 
the child was not given the candy, and the trial was re-administered until the child performed the action 
correctly without assistance. 
 
The A trials were identical to the last training trial except that the container was hidden at the A location and a 
delay was imposed between hiding and search. During this time, the parent continued to hug the child while the 
experimenter smoothed over the sand with the block of wood. Then, the experimenter used a puppet to divert 
the child’s gaze away from the sand and toward the experimenter’s face. Once the child was no longer looking 
at the sandbox, the experimenter backed away from the sandbox while counting aloud to 3. Then, the parent 
was instructed to release the child as the experimenter encouraged the child to find the candy (the total time of 
the delay was approximately 10 sec). The trial ended after the container was found. If the container was not 
found within 30 sec, the experimenter pointed out the hiding location to the child (and the child was assigned a 
time of 30 sec). As long as the child touched the sand at any point during the trial, he or she was given the 
candy after the trial concluded. B trials were identical to the A trials, except that the candy was now hidden at 
the B location. 
 
An online scorer was present during the experiment and seated behind the experimenter. However, the entire 
procedure was videotaped and scoring was completed from videotapes as well as online. In both cases, scorers 
measured the time elapsed from when the parent released the child to when the child retrieved the container. 
Also, the scorers determined the position of the hand’s first contact with the sand to the nearest centimeter. 
Following Spencer et al. (2001), in those situations where the child touched the sand with both hands 
simultaneously, the hand closest to the actual location was used. Because of the precision that could be achieved 
by frame-by-frame analyses of the videotape, scores derived from videotape were used unless the location of 
contact was impossible to discern, in which case the result of the online scorer was used. The online scorer’s 
results were used in only 57 of 793 trials (7%). 
 
Results 
Distance measure—original scoring. Following Spencer et al. (2001), the magnitude of the perseverative error 
on the B trial was measured as the distance (in cm) between the B location and the point where the child made 
initial contact with the sand. Spencer et al. assigned positive error values to reaches that were toward the A 
location, and negative values to reaches that were away from the A location (e.g., if the A location was to the 
left of B, but the child searched to the right of B). 
 
Performance on the A trials was analyzed with errors toward the B location as positive errors and errors away 
from the B location as negative errors. There were no differences across conditions whether A trial performance 
was measured as the error score on the first A trial, F(3, 60) = 0. 14, ns; the error score on the last A trial, F(3, 
60) = 0.69, ns; or the average error across all A trials, F(3, 60) = 1.50, ns (see Table 2, Original distance 
scoring—all A trials). To determine overall accuracy during the A trials, we examined whether the error scores 
of the first A trial and the last A trial differed significantly from zero, which occurred in three situations: the 
first A trial in the 7 A trial condition, t(15) = 1.8,.05 < p <. 1; the last A trial in the 3 A trial condition, t(15) = 
2.5, p <.05; and the last A trial in the 15 A trial condition, t(15) = 3.7, p <.01. Clearly, not all children searched 
accurately during A trials (see the following). 
 
The variable of primary interest was performance on the first B trial, which was initially analyzed including all 
participants and using the scoring method adopted from Spencer et al. (2001; see Table 2, Original distance 
scoring—first B trial). A one-way analysis of variance on the error score for the B trial failed to reveal an effect 
of the number of A trials, F(3,60) = 0.47, ns, Cohen’s ƒ = . 14. Although there were no differences across 
conditions, there was an overall bias to search toward the A location (M = +5.70 cm), t(63) = 3.40, p < 0.01, 
replicating Spencer at al.’s main finding that B trial search is biased toward the A location. 
 
Distance measure–modified scoring. Two modifications to the scoring method were instituted. First, as 
Diamond (2001) noted, performance on the B trials is difficult to interpret if children do not perform adequately 
on the A trials. As noted earlier, a number of children were not searching accurately even on the A trials. Thus, 
an arbitrary criterion was established so that data from the children who did not search within 10 cm of the 
target averaged across the last two A trials were eliminated from the analyses (N = 17, evenly distributed across 
conditions). 
 
 
 
Second, the scoring system was modified so that all scores were constrained between 0 and 20. In the original 
scoring system (Spencer et al., 2001), search that occurred beyond the A location was given a larger value than 
if the child searched exactly at A (i.e., a pure perseverative error). We modified the scoring so that all search at 
the perseverative location or beyond was assigned a score of 20, signifying maximum perseverative behavior. 
Similarly, according to the original scoring system, incorrect search away from the A location was given a 
negative score, effectively counting as more correct than if search occurred exactly at the B location, which 
would have received a score of 0. Thus, all search that occurred away from the A location was assigned a score 
of 0, indicating no perseverative error.
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The modified distance scores are displayed in Table 2 (Modified distance scoring—first B trial). Despite these 
modifications, no effect of the number of A trials was revealed, F(3, 43) = 0.57, ns, Cohen’s ƒ = .13. 
 
Response time measure. Another measure of performance was the time needed to retrieve the container. The 
maximum time allowed was 30 sec, after which the child was shown the location of the object and assigned a 
time of 30 sec. Following the logic from the modified distance measure described previously, data from 
children who did not find the object within an arbitrarily chosen time of 10 sec averaged across the last 2 A 
trials were eliminated from all analyses (N = 17, evenly distributed across conditions). Note that although the 
overall pattern of results did not change by removing these children, we believed that it was necessary from a 
theoretical perspective (Diamond, 2001). There were significant correlations between the time taken to find the 
container and both the original distance score, r = 0.38, p < .05, and the modified distance score, r = 0.55, p < 
.05. 
 
Table 2 (Mean response time—first B trial) shows the mean response time for each condition. A one-way 
ANOVA revealed an effect of the number of A trials, F(3,43) = 5.08, p <.01, Cohen’s ƒ =.33. Post hoc Tukey 
tests at the.05 level indicated that the mean response time in the 11 A trials condition was significantly longer 
than it was in the other three conditions, which did not differ from one another. 
 
One goal of this experiment was to assess whether the relation between the number of A trials and B trial 
performance was U-shaped (i.e., quadratic), as op-posed to linear. To that end, planned contrasts on the 
response times for the B trial were used to assess the presence of linear (–3 –1 1 3) and quadratic (1 –1 –1 1) 
trends. Results revealed a significant quadratic trend, F(1, 43) = 7.22, p < .05, but no linear trend, F(1, 43) = 
1.07, ns. 
 
The nature of the relation between the number of A trials and B trial performance was further assessed by 
conducting linear and quadratic regression on the response times for the B trial. Linear regression produced the 
equation: Y = 0.3X + 9.8, but the analysis did not reveal that linear regression was appropriate, F(1, 45) =.77, ns. 
Further, the model accounted for very little variance, R
2
 =.02, and the linear coefficient did not differ 
significantly from 0, t(45) = .88, ns. In contrast, quadratic regression produced the equation Y = –.2X
2
 + 4.2X – 
3.5. The analysis revealed that quadratic regression was appropriate, F(2, 44) = 3.68, p < .05, and the model 
accounted for a moderate amount of variability, R
2
 = .14. Finally, both the quadratic and linear coefficients 
differed significantly from 0, t(44) = 2.55, p < .05 and t(44) = 2.68, p < .05, respectively. 
 
The U-shaped pattern did not appear to be an artifact of outliers in the 11 A trial condition. First, a genuine 
majority of children in this condition (7 out of 12) failed to find the toy within 30 sec. In contrast, only one 
other child (in the 15 A trial condition) failed to find the toy within 30 sec. Second, to guard against the 
possibility that the nonmonotonic relation between response times and the number of A trials was an artifact of 
extreme response times rather than a shift in the distribution response times, a nonparametric Kruskal–Wallis 
test was conducted on median response times (10. 1, 7.2, 30.0, and 5.0 for the 3, 7, 11, and 15 A trial 
conditions, respectively). This analysis, which is resistant to outliers, revealed that the median response times 
differed by condition X
2
(3, N = 47) = 9.26, p < .05. Furthermore, contrast-coded variables can be used on rank 
transformations to assess the existence of a quadratic trend. This procedure is advantageous because it controls 
for outliers and non-normality (Judd & McClelland, 1989). Indeed, a significant quadratic trend was found 
using this nonparametric analysis, F(1, 43) = 4.29, p <.05. 
 
Discussion 
A primary advantage of the sandbox search task over other search tasks is that it elicits quantitative measures of 
perseverative behavior. Consistent with the results from Experiment 1, a relation was revealed between the 
number of A trials and performance on the B trial in the sandbox task when response time was used. Because 
there were four levels of the independent variable, both linear and quadratic trend analyses were conducted, and 
the quantitative nature of the dependent variable permitted quadratic regression analysis. Both techniques 
provided support for the existence of a U-shaped pattern of behavior across a wide range of A trials. 
 
Spencer et al. (2001) found an effect of the number of A trials on performance using the distance between initial 
contact with the sand and the B location. However, in the experiment described here, no effect of the number of 
A trials was revealed using that measure, although in all conditions strong biases toward the A location were 
found, replicating Spencer et al.’s main findings. Several procedural differences between this experiment and 
Spencer et al.’s Experiment 4 might account for the different pattern of results. 
 
First, Spencer et al. (2001) included all children in their analyses, as opposed to using a criterion for acceptable 
A trial performance. Although the absence of such a criterion could, in principle, have influenced Spencer et 
al.’s results, it is unlikely to have done so because children in that experiment were reported to have searched 
accurately on the A trials. 
 
Second, this experiment employed a 10 sec delay on both A and B trials, whereas Spencer et al. (2001) used 
different delays on the A and B trials. Recent evidence suggests that delays as long as 10 sec lead to larger 
midline biases (Schutte, Spencer, & Schöner, 2003). Even though this experiment was counter-balanced so that 
the effects of midline biases would be minimal, it is possible that the 10 sec delay may have obscured an effect 
of A trials. 
 
Finally, Spencer at al. (2001) found a difference in performance after 1 A trial as compared to performance after 
3 A trials. In this experiment, all children received a minimum of 3 A trials. It is possible that effect of number 
of A trials on the distance measures only occurs within a small range (i.e., between 1 and 3 A trials). Although 
this hypothesis needs to be tested directly within the context of a single experiment, current results using the 
response time measure suggests that performance does in fact change across a wide range of A trials. 
 
The failure to find an effect of the number of A trials using the distance measures might be due to inadvertent 
touches of the sand and search strategies (e.g., using two hands and converging on the object) that do not 
conform to the assumptions inherent in our scoring measure. An advantage of measuring response times is that 
it does not matter if the child inadvertently touches the sand or intentionally touches the sand in the wrong 
location. For this reason, we argue that response time provides another useful measure of perseverative 
behavior. Generally, response times should increase proportionally to the level of difficulty required to find the 
object. Specifically, perseverative search should elicit longer response times than correct search, although 
longer response times might also be due to other factors such as distractibility or forgetting. 
 
Clearly, response times and distance are related, as indicated by the significant correlation between the two 
measures in this experiment. Previous work (Schutte et al., 2003; Spencer et al., 2001), together with this 
experiment (in which there was an overall bias to search toward the A location), suggests that distance is a good 
index of perseverative behavior. This experiment shows that response time also provides a sensitive measure of 
performance in some contexts. Further work is needed to explore more fully the properties of the two measures, 
as well as the nature of the relation between them. 
 
GENERAL DISCUSSION 
Two experiments were conducted to examine the effects of number of A trials on behavior in two A-not-B-type 
search tasks: the multistep multilocation search task (Experiment 1) and the sandbox task (Experiment 2). 
Experiment 1 confirmed the prediction from the hierarchical competing systems model that the ratio of 
perseverative to nonperseverative errors would increase monotonically as a function of number of A trials. In 
addition, both Experiments 1 and 2 provided evidence of a nonmonotonic relation between the number of A 
trials and B trial performance. In Experiment 1, 2-year-old children were more likely to commit perseverative 
errors after 6 A trials, as opposed to 1 or 11 A trials. In Experiment 2, 2-year-old children’s response times were 
maximal following 11 A trials (vs. 3, 7, or 15 A trials), and there was clear evidence of a quadratic trend. 
 
In both experiments, children were required to remember the location of a hid-den object over a brief delay, and 
then to execute a response to find the object. However, there are at least two fundamental differences between 
the tasks employed in the two experiments. First, in the multistep multilocation search task (Experiment 1), the 
search locations were discrete and clearly demarcated with distinct symbols, whereas the sandbox task 
(Experiment 2) consisted of a homogeneous search space with no local cues to demarcate the location of the 
hidden object. Second, in the multistep multilocation search task, a multistep response was required before 
reaching toward the object, whereas reaching toward the object was the initial response in the sandbox task. The 
overall nonmonotonic relation between number of A trials and B trial performance was revealed despite these 
methodological differences, although these differences may help account for subtle variations in the details of 
the results. For example, because there were no discrete hiding locations in the sandbox task, it was probably 
relatively difficult to encode the location of the object. The relative level of difficulty in the tasks may explain 
why perseveration (indexed by response time) was maximal after 11 A trials in Experiment 2, whereas it was 
maximal after 6 A trials in Experiment 1. 
 
Most competing systems accounts of search behavior predict that the effect of the number of A trials should be 
monotonically increasing, perhaps to an asymptote (e.g., Diamond, Cruttenden, & Neiderman, 1994; Munakata, 
1998; Smith et al., 1999; Thelen et al., 2001). For this reason, it is likely that many extant theories can account 
for the finding (from Experiment 1) that as the number of A trials increases, children are more likely to search 
at A and less likely to search at other incorrect locations. However, only Marcovitch and Zelazo’s (1999) 
hierarchical competing systems model predicts that the effect of number of A trials on the over-all likelihood of 
perseveration is not monotonic, but U-shaped. 
 
According to this model, the representational system begins to influence search behavior around the end of the 
first year of life (i.e., 8–12 months) as shown by the pattern of results from multilocation A-not-B tasks with 9-
month-old infants (Bjork & Cummings, 1984; Cummings & Bjork, 1983; Diamond et al., 1994). In these tasks, 
children do not consistently err at the A location, but rather commit a considerable number of errors between 
the A and B locations, as if they are pulled away partially from the perseverative location toward the correct 
location. This pattern of responding can be interpreted as a partial, incomplete influence of the representational 
system on search behavior. 
With development, the influence of the representational system increases as a function of the growth of 
reflective processing through a series of levels of consciousness (Zelazo, 2004; Zelazo & Zelazo, 1998). In 
particular, it is argued that during the second half of the second year, children acquire the ability to reflect on 
the contents of consciousness through a functional process of recursion or re-processing of information via 
prefrontal cortical circuits. As a result, 2-year-olds potentially can increase the influence of the representational 
system on their behavior. 
 
By 2 years of age, children typically pass the standard A-not-B task. However, if the task is made more 
complicated and demands more cognitive resources, the contribution of the representational system may be 
disrupted. Under these conditions, children may instead be influenced by the response-based system and 
perseverate, which is consistent with what was found in this set of experiments. In Experiment 1, a multistep 
procedure was required to find the candy. The only difference between A and B trials was the execution of the 
final step, which involved selecting the appropriate stimulus card. Under these conditions, and after a moderate 
number of A trials (6), the influence of the representational system was disrupted and perseveration was likely 
to occur. Only after a larger number of A trials (11) were most children arguably able to reflect on the task and 
override the tendency to search at the A location. Experiment 2 yielded similar results when response time was 
used as an index of perseveration, although in this experiment, the influence of the response-based system was 
most pronounced after 11 A trials, and it was not until 15 A trials that children’s reaction times improved. 
 
The nonmonotonic influence of number of A trials on the likelihood of perseveration has been observed in 9-
month-old infants using a standard version of the A-not-B task (Marcovitch et al., 2002). In that experiment, 
infants were more likely to commit the A-not-B error after 6 A trials than after 1 or 11 A trials. Demonstrating 
that 2-year-old children are prone to the same nonmonotonic influences previously observed in 9-month-olds is 
important for several reasons. First, 2-year-olds are very different from 9-month-olds, and it is by no means 
obvious that similar results would be obtained across these ages and despite the major developments that take 
place during the first two years of life. Given that the U-shaped effect has now been found in 2-year-olds, 
however, it is possible to ex-amine the way in which this effect may interact with other aspects of development 
occurring during the second year, such as improvements in working memory (e.g., Wiebe & Bauer, 2005) and 
self-awareness (e.g., Kagan, 1981). Second, the fact that similar results were obtained in 2-year-olds 
demonstrates that the U-shaped effect is robust across at least two age groups and three tasks (although not, 
apparently, across all measures on all tasks) and this fact informs and constrains our interpretation of the 
phenomenon. Rather than being peculiar to a particular period in infancy (and task used with infants), whatever 
processes give rise to this phenomenon must be operative at least throughout the toddler years, consistent with 
models such as the hierarchical competing systems model. 
 
The hierarchical competing systems model further postulates that the processes that govern search behavior are 
enacted even when the objects are visible (i.e., not hidden or behind a transparent barrier). The influence of the 
response-based system will be unaffected by the visibility of the object, and will continue to provide 
interference on B trials. In contrast, the continued presence of the object will affect the influence of the 
representational system. Specifically, the visible object will serve the dual role as an attention-grabbing object 
(cf. Thelen et al., 2001) as well as a mnemonic cue that increases the likelihood of reflection. Thus, compared to 
hidden objects, correct search performance with visible objects should occur more often (although not always; 
see Butterworth, 1977, and Harris, 1974). 
 
Relative to 2-year-olds and, a fortiori, to 9-month-olds, adults are capable of considerable reflection; as a result, 
the contribution of the representational system is relatively strong. Indeed, it is difficult to imagine that an 
attentive adult would ever commit a perseverative error on a simple A-not-B task regardless of the number of A 
trials experienced (Marcovitch & Zelazo, 2001). However, adults do perseverate in other situations. Several 
researchers have catalogued a host of common perseverative tendencies (i.e., action slips; Heckhausen & 
Beckmann, 1990; Nor-man, 198 1). The standard explanation for action slips, which is consistent with the 
hierarchical competing systems model, is that perseverative behavior occurs when attention is focused 
elsewhere, utilizing the cognitive resources necessary to maintain a goal in working memory. The result is an 
inappropriate action based on a prepotent tendency (i.e., perseverative behavior). 
 
Thus, the hierarchical competing systems model provides the foundation of a developmental account of 
perseveration across the life span. In this respect, the model is similar to dynamic field theory (Spencer et al., 
2001; Thelen et al., 2001), which shares the position that the processes that elicit perseverative behavior in 
infants are the same processes responsible for perseverative behavior throughout development. Indeed, both 
theories are similar insofar as (a) they both capture the interactive contributions of multiple determinants of 
behavior, (b) they both model effects of repeated experience within a particular context, and (c) they both view 
perseverative behavior as a systematic response indicative of psychological organization. Currently, however, 
dynamic field theory cannot account for the non-monotonic influence of number of A trials on the likelihood of 
perseveration. 
 
Alternative interpretations of the findings from the experiments discussed here are possible, however. For 
example, the finding that the ratio of perseverative to nonperseverative errors increases monotonically with 
number of A trials is consistent with the notion that B trial errors result from two processes: a perseverative 
tendency to search at A and a random error process that may result in either perseverative or nonperseverative 
errors (cf. Diedrich, Highlands, Spahr, Thelen, & Smith, 2001; Thelen et al., 2001). From this perspective, it is 
reasonable to assume that as the number of A trials increases, the perseverative tendency strengthens but 
random errors become less likely because children become more skilled with the task.
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 One difference between 
this possibility and the account offered by the hierarchical competing systems model is that the latter does not 
postulate a random error process. Whether a random error process is required to account for children’s search 
behavior is an important question that deserves to be explored further. 
 
It is more difficult to imagine alternative interpretations of the nonmonotonic effect of number of A trials on the 
likelihood of perseveration. One possibility is that children in the 11 A trial condition habituated to the repeated 
response of reaching to the A location, and thus were more likely to respond to a novel event (i.e., the reward 
hidden at the B location). Although this interpretation differs from that offered by the hierarchical competing 
systems model insofar as it does not (necessarily) implicate the process of reflection, it is not inconsistent with 
this model. Indeed, according to the hierarchical competing systems model, automatization of A trial 
performance may increase the likelihood of reflection by freeing up attentional resources; the process of 
habituation may be closely related to the process of automatization. Clearly, further research should investigate 
the possible roles of habituation, automatization, and reflection in producing the U-shaped function. 
 
Further research might also examine more closely the circumstances in which a nonmonotonic effect of A trials 
is observed. Although the U-shaped effect has now been found at two ages and with three tasks, the results of 
Experiment 2 suggest that the effect may be dependent on particular combinations of tasks and dependent 
measures—at least within the range of number of A trials tested. In this experiment, using the sandbox task, we 
failed to find an effect of number of A trials when distance was used as a dependent measure, although we did 
find an effect for response time. This failure cannot currently be accounted for by the hierarchical competing 
systems model, and further research on the limits of the phenomenon may require that the model be revised or 
rejected. 
 
In summary, the results of these experiments revealed that the ratio of perseverative to nonperseverative errors 
in A-not-B-type search tasks increases monotonically as a function of number of A trials, whereas the 
likelihood of perseveration varies nonmonotonically as a function of number of A trials across a wide range of 
trials. These results, which were obtained with 2-year-olds, extend previous findings from 9-month-old infants 
and suggest that the U-shaped effect is not limited to a particular age or task. Although further work is required 
to explore more fully the limits on this phenomenon, the presence of the phenomenon in children’s search 
behavior was predicted by the hierarchical competing systems model. According to this model, a U-shaped 
function emerges as a result of the interaction between a conscious representational system and a response-
based sys-tem. Age-related changes in search are attributed to the development of the ability to reflect on the 
task structure and to use that information to guide behavior consciously. From this perspective, search behavior 
in young children potentially provides a useful index of the development of conscious control. 
 
Notes:  
1The percentage of excluded participants is in line with other A-not-B studies in which participants were 
required to pass both training and the A trial phase (e.g., Marcovitch et al., 2002). 
 
2B trials were administered until children searched correctly three times, but for ease of explanation and to 
remain consistent with other A-not-B studies, we only report performance on the first B trial. The pattern of 
results was similar when all B trials were considered, but the effects were not significant be-cause many 
children quickly corrected their perseverative behavior after being incorrect on the first B trial. 
 
3By instituting the modified scoring system, we may be artificially increasing the degree of perseveration 
because errors that were clearly nonperseverative (away from the A location) did not con-tribute to the average 
error score (i.e., they were assigned a score of 0). However, for the purpose of this analysis, we are not 
concerned about the absolute strength of the perseverative error, but rather the relative strength of the 
perseverative error across conditions. We are assuming that any artificial bias toward the A location will be 
equal across conditions. Recall that the original scoring system, which allowed for negative scores, also did not 
reveal an effect of A trials. 
 
4We would like to thank John Spencer for suggesting this interpretation. 
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